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Abstract
In orthodontic clinics, we believe that an understanding
the cellular changes due to altered joint loadings of the
mandibular condylar cartilage (MCC) may contribute to our
understanding of the mechanisms underlying condylar
growth modifications in response to orthodontic forces. This
study attempts to clarify morphological changes in the
MCC due to joint loads and the reactivity of the extracel-
lular matrix, investigated by using a growth model of rat in-
cisor occlusal elevation, which involves histologically gen-
erated MCC joint loading and changes in the mRNA ex-
pression of the extracellular matrix. One hundred and four 7
−week−old male Wistar rats were assigned randomly to
control and bite plane groups. To increase the joint load to
the temporomandibular joint, a resin occlusal plate was at-
tached to the maxillary incisor part, and an occlusion modi-
fication model was prepared by occlusion elevation. Rats
from each group were sacrificed after 1, 2, 3, or 4 weeks of
wearing the appliance. Histological observations of the
mandibular condylar cartilage and quantification of DNA,
GAG and collagen content, as well as a quantification of
proteoglycan and collagen mRNA expression levels were
performed. The collagen mRNA expression increased type I
and type III collagen in response to the changes in the me-
chanical environment of the mandibular condylar cartilage.
All proteoglycans that show increased mRNA expression
were involved in the formation of collagen fibrils.
The raising of the incisor bite varied the mechanical load
exerted on the MCC of the rats in the growt phase. As a re-
sult, differentiation from the proliferating cell layer to chon-
drocytes and hypertrophication of chondrocytes were sup-
pressed. At the same time, the tissue structure of the MCC
changed by maintaining cell proliferation in the proliferat-
ing cell layer and endochondral ossification in the hy-
pertrophic chondrocyte layer. These changes suggest that
the adaptation of the temporomandibular joint and sur-
rounding tissue reverts to the original tissue structure.
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canとsmall leucine rich proteoglycan（SLRP）に分類され
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cript reverse transcriptase protocol（Qiagen）を用いてRT
法により，total RNAからcDNAの調整を行った．Proteo-
glycan（aggrecan, versican, biglycan, decorin, fibromodulin,
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た関節荷重を増大させる研究（Kantomaa et al., 1992）
でも，同様の報告がある．有限要素法を用いた下顎頭軟












sulfate ; CS），デルマタン硫酸（dermatan sulfate ; DS），
ケラタン硫酸（keratan sulfate；KS）およびヒアルロン
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（Strauss et al., 1990.），組織の牽引力に対する抵抗性を
付与していて，Ⅱ型collagenは軟骨細胞層に存在する軟
骨特異的なcollagenである（Scott et al., 1986）．Ⅲ型col-
lagenは線維層，増殖細胞層，軟骨細胞層に分布を認め
（Mizoguchi et al., 1997），成長が旺盛な胎生期など組織
改造が盛んに生じる部位に豊富に存在するとされている
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mRNA発現に及ぼす影響に関するin vitroの研究は数多く
行われている．ラット歯根膜由来細胞（Ozaki et al. ,
2005），ヒト膝蓋腱由来細胞（Yang et al., 2004），ヒト





らかにされている（Liu et al. , 1997）．Ⅲ型 collagen
mRNA発現に関しては，伸展応力に対して間葉系幹細胞
で増加したという報告がある（Lee et al., 2007）．Ⅱ型
collagenは軟骨組織に特徴的な細胞外基質であり
（Evanko & Vogel, 1993），圧縮力，剪断応力に対する耐
性を組織に付与する（Stegenga et al., 1991）．荷重を加
えた in vivoの研究では，間欠的負荷はⅡ型 collagen
mRNA発現を増加し（Smith et al., 1996），静的な持続的
荷重負荷ではmRNA発現を減少したとの報告がある






















（Smith et al., 1996），持続的静的圧縮はaggrecan mRNA
発現を低下させるという報告と（Ragan et al., 1999），
aggrecan mRNA発現を増加させるという報告があるが












明らかにされている（Brown & Vogel, 1989）．Biglycan
とdecorinは，免疫組織学的研究によると，biglycanと
decorinはともに下顎頭軟骨では線維層と増殖細胞層に分








（Svensson et al., 1999）．Biglycanは圧縮主応力に対し
て，decorinは牽引主応力に対して機能している（Scott







いる（Svensson et al., 1999）．興味のあることに，この
2つのSLRPは，Ⅰ型，Ⅲ型collagen分子への結合部位を
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考えるのが妥当である．以上から，本研究において













（Chen et al., 2009），軟骨細胞層での軟骨細胞のアポ
トーシスの促進（Wadhwa et al., 2005），骨代謝を促進す
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